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APPENDIX B: REFERENCE EQUATIONS USED IN SECTION 5 
 

B.1 BPSK Probability of Error 
 
The following equations are from [1] and are used for calculating bit error probabilities Pb, where Rd 
is the symbol energy-to-noise ratio. 
 
● BPSK [eq. 5-47, ref. 1]  
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● DEBPSK [eq. 5-114, ref. 1] 
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● DBPSK [eq. 5-125, ref. 1] 
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B.2 QPSK Probability of Error 
 
The following CV code equation is from [2]. For the (1, 2, 7) CV code, N = 20, dfree = 10, and β is an 
array having values 36, 211, 1,404, 11,633, 76,628, and 469,991 for elements 10, 12, 14, 16, 18, and 
20 respectively. 
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● P2(d) for QPSK and DEQPSK 
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B.3 Carrier Recovery 
 
The carrier recovery equations are from [3]. In the following equations, R is the input signal-to-noise 
ratio, BN is the narrowband filter bandwidth, T is the symbol period, σφ is the rms phase jitter in 
radians, ϕ  is the instantaneous phase, ϕ̂  is the average phase, and E {•} is the expectation operator. 
 

{ }22 ϕ̂ϕσϕ −= E  
 
● BPSK 
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B.4 Symbol Timing Recovery 
 
The symbol timing recovery equations are from [4]. In the following equations, T is the symbol 
period, τ  is the instantaneous delay, τ̂  is the average delay, ξ  is the relative delay error, ξπσ  is the 
rms timing jitter in radians, Rs is the symbol rate, and BN is the narrowband filter bandwidth. The 
relative delay error is expressed as: 
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and the variance can be expressed as 
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B.5 Reed Solomon Code 

 
The RS code equations were derived from results in [2]. N is the number of symbols in the codeword, 
p is the probability of input bit error, m is the number of bits per symbol, t is the number of 
correctable symbol errors, and Pb is the output bit error rate. 
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